BACKGROUND: New technology has resulted in bronchoscopy being increasingly used for diagnosing pulmonary lesions. Reported yield from these procedures varies widely with few randomized clinical trials. This study compares the diagnostic yield of a thin bronchoscope and radial endobronchial ultrasound (R-EBUS) with standard bronchoscopy and fluoroscopy (SB-F) in lung lesions.
One of the most important indications for undergoing a bronchoscopy is undiagnosed pulmonary lesions. Historically, this was accomplished by utilizing standard bronchoscopy under fluoroscopic guidance (SB-F) with either transbronchial brush, forceps, or needle aspiration. The yield of this technology varies depending on the size of the lesion, with pooled reports ranging from 14% to 34% for lesions < 2 cm and to 64% for larger lesions. 1 Over the past 15 years, newer technologies have emerged to improve the yield of bronchoscopy by more reliably sampling pulmonary lesions that were once less attainable by the standard approach. These include electromagnetic navigation (EMN), ultrathin bronchoscopy, radial endobronchial ultrasound (R-EBUS), virtual bronchoscopy, and guide sheaths. A meta-analysis of 39 studies of guided-bronchoscopy technologies in more than 3,000 patients demonstrated a pooled diagnostic yield of 70% with few differences in yield by approach. 2 These data and additional studies provided support for the 2013 American College of Chest Physicians nodule treatment guidelines recommending that guided bronchoscopy utilizing R-EBUS or EMN be performed where the technology and expertise is available. 1 In the years following the publication of the metaanalysis, however, a number of studies have reported significantly lower yields from bronchoscopy for the diagnosis of pulmonary lesions. 3, 4 Analysis of the American College of Chest Physicians Quality Improvement Registry, Evaluation, and Education (AQuIRE) registry reported the yield for guided bronchoscopy to be between 38% and 57% depending on the type of guidance used. 3 Similarly, a prospective multicenter trial evaluating the effectiveness of a bronchial airway gene expression classifier on the diagnostic performance of bronchoscopy revealed a diagnostic yield of only 57% despite a cancer prevalence of 61%. 4 Despite the discrepancy in the literature, bronchoscopy is being increasingly used to attempt diagnoses for pulmonary lesions, particularly those that are small and peripheral. The development of thinner bronchoscopes has provided access to more peripheral areas of the lung compared with standard sized bronchoscopes, and the addition of R-EBUS allows for enhanced visualization of these lesions. We report here the results of a randomized controlled trial of standard flexible bronchoscopy with fluoroscopy compared with guided bronchoscopy with thin bronchoscope and R-EBUS in the evaluation of lung lesions.
Methods

Participants
Patients 22 years of age and older with a solid lung lesion (1.5 to 5 cm identified on chest CT scan obtained within the previous 3 months) and presenting to an outpatient pulmonologist were eligible for study enrollment. Patients with lesions having an intermediate pretest probability of malignancy (pCA, 0.05 to 0.65) as determined by clinical judgment and in whom bronchoscopic biopsy was determined to be the next best treatment step were deemed eligible. This decision was made by the treating pulmonologist, and study protocol did not require input from interventional radiology as to the accessibility for a CT scan-guided biopsy approach. In lesions determined to be partially solid, the solid component must have made up > 75% of the lesion and measure 1.5 to 5 cm in order to be eligible. Patients with higher risk lesions (pCA > 0.65) in need of a diagnosis for nonsurgical treatment or prior to surgery were also eligible to participate. Patients who were pregnant, lacked fitness to undergo bronchoscopy, or had a target lesion not readily visualized by fluoroscopy on the day of bronchoscopy were excluded from participation. Consecutive patients meeting inclusion/exclusion criteria were invited to participate in this study.
Randomization schedule was determined in advance by computer with the intent of a 1:1 randomization scheme. Participant assignments were placed in sealed envelopes and distributed to sites. This study was approved by the institutional review board at all sites (e- Table 1 ). The study procedures were performed beginning in July 2014 and continued through April 2017.
Bronchoscopy Procedure
Following confirmation of fluoroscopic view of the pulmonary lesion, moderate or deep sedation was used per site standard of care. Participants were randomized to either the SB-F arm or the thin bronchoscopy plus R-EBUS (TB-EBUS) arm. In the SB-F arm, bronchoscopy was performed with a standard sized bronchoscope (outer channel diameter, 4.9 mm) (BF-180 or BF-190; Olympus).
Lesions were localized by fluoroscopy guidance and brushing was performed. Bronchial brushing was standardized to 10 strokes per brushing. A slide was made from the brush and reviewed via rapid onsite evaluation (ROSE). The tip of the brush was cut and placed into CytoLyt solution (Hologic Inc). Regardless of ROSE determination, five transbronchial biopsies were then performed (FB-233D; Olympus). Those participants with ROSE that was nondiagnostic for malignancy or without an alternative benign diagnosis (eg, granulomatous inflammation) were crossed over to the TB-EBUS arm.
Participants randomized to the TB-EBUS arm underwent bronchoscopy, using a thin bronchoscope (BF-P190; Olympus) with a 4.2-mm outer diameter. The bronchoscopist had the option to use a guide sheath (external diameter, 2 mm [K201]; Olympus) to extend the working channel of the bronchoscope where indicated. The 20-MHz mechanical R-EBUS probe (UM-S20-17S; Olympus) with or without the guide sheath covering was introduced into the working channel of the bronchoscope and advanced to the lesion. Fluoroscopy was used to aid lesion location, and an attempt to definitively locate the lesion by R-EBUS was made. If the ultrasound image seen following R-EBUS probe insertion was eccentric (eg, only part of the target lesion was visualized by ultrasound), the bronchoscopist had the option to introduce a double-hinged curette in an attempt to manipulate the position such that the ultrasound image of the lesion was concentric (eg, the ultrasound image demonstrated the target lesion completely surrounding the probe in a 360-degree fashion). A deidentified JPEG image of the ultrasound image was captured. Following lesion location, R-EBUS probe was removed and samples were taken through the bronchoscope working channel or guide sheath. The brush tip was cut directly into CytoLyt solution. Smooth transbronchial forceps (FB-233D; Olympus) were then introduced to obtain five grossly visible transbronchial biopsy specimens.
Data Collection
Study participant demographic information including sex, race, age, and smoking history was collected. Radiographic information collected included lesion location, size (longest axis diameter), and nodule contour when available. Diagnostic yield was determined from the finalized pathology results of the bronchoscopy. A procedure was considered diagnostic when a malignant or specific benign diagnosis was made on the basis of either the brushing or transbronchial biopsy (TBBX), or both.
Those who underwent a nondiagnostic procedure and those with pathology noting inflammation were monitored until a definitive diagnosis was made by an additional procedure (eg, CT scan-guided biopsy or surgical resection) or the lesion demonstrated 1 year of stability or resolution on repeat CT imaging.
Sample Size
The study was initially designed with 85% power to detect an absolute 20% difference between diagnostic procedure arms in diagnostic yield (ie, assuming 50% yield for SB-F vs 70% yield for TB-EBUS), with twosided hypothesis testing and an a level of 0.05. The final actual sample sizes of n ¼ 85 (SB-F) and n ¼ 112 (TB-EBUS) provided 81% power to detect an absolute difference of 20% in diagnostic yield.
Data Analysis
Descriptive statistics were generated to characterize study participants.
Baseline comparisons between the study arms were conducted using c 2 tests, Fisher exact tests, two-sample Student t tests, or Wilcoxon rank sum tests, as appropriate. Each procedure was characterized as diagnostic or nondiagnostic, and diagnostic yield was compared between study arms in the primary analysis, using a c 2 test. Sensitivity analyses were conducted to investigate whether the primary findings were markedly different when (1) analyses included adjustment for site, using site as a random effect within a generalized linear mixed model to account for within-site clustering, and (2) analyses excluded all subjects enrolled at the site where the large majority of protocol deviations occurred. c 2 tests were used to determine whether findings were consistent across patient subgroups. Using all baseline variables (ie, demographics, clinical characteristics, and study site), a backwards selection procedure was used to develop a multivariable logistic regression model to identify variables associated with diagnostic yield. Diagnostic procedure arm was forced into these models, and variables were removed one by one if they were not significantly (P < .05) associated with the outcome. Incidentally, a forwards selection procedure yielded a model identical to the backwards model. All analyses were conducted with SAS version 9.4 (SAS Institute).
Results
There were 221 patients who met entry criteria and agreed to participate in the trial. Of these, 108 were randomized to the SB-F and 113 to the TB-EBUS. The final analysis included 197 patients: 85 in the SB-F arm and 112 in the TB-EBUS arm. Figure 1 demonstrates patient randomization, exclusions, and diagnostic yield. In one site, n ¼ 13 patients in the SB-F arm were inappropriately crossed over to the TB-EBUS arm after brushings were performed but without subsequent TBBX. To avoid a potential bias in our findings, study investigators decided to exclude all SB-F patients (n ¼ 19) from that site. Four additional patients randomized to the SB-F arm at other sites were also excluded from the primary analysis due to protocol deviations.
Patient demographics and radiographic characteristics of target lesions are presented in Table 1 . There was no difference between groups based on age, sex, race, smoking status, or pack-year history. The average pulmonary lesion size was 31.2 mm (SD, 10.8). Most lesions were located in the upper lobes, were solid in appearance, and had a radiographic bronchus sign (n ¼ 136, 69%). There was no difference in size or radiographic characteristics of pulmonary lesions between groups.
Bronchoscopy was diagnostic in 87 participants (44%). Although the diagnostic yield was higher in the TB-EBUS arm when compared with the SB-F arm (49% vs 37%), this difference was not statistically significant (P ¼ .11). In the sensitivity analyses, our conclusions remained unchanged when analyses included adjustment for study site (P ¼ .12 when comparing treatment arms) or when analyses excluded all subjects enrolled at the site where the majority of protocol deviations occurred (P ¼ .25 when comparing treatment arms).
chestjournal.org e- Table 2 lists comparisons between the treatment arm diagnostic yields by various patient subgroups (ie, lesion size, location, spiculation and lobulation, and type of sedation); in none of these subgroups was the diagnostic yield significantly different between treatment arms. e- Table 3 lists comparisons of diagnostic test characteristics (ie, sensitivity and specificity) between treatment arms; neither of these was significantly different between treatment arms. By design, positive and negative predictive values were assumed to be 100% for both SB-F and TB-EBUS, since positive (malignant) and negative (benign) test findings were made by ROSE in combination with transbronchial biopsies.
In the SB-F arm, 13 of the 85 patients (15.3%) had brushings that were diagnostic by ROSE at the time of the procedure (six malignant, one suspicious for malignancy, six chronic inflammation). Of the 53 patients with nondiagnostic bronchoscopy results in the SB-F arm, 87% (n ¼ 46) subsequently crossed over to the TB-EBUS arm. This resulted in a diagnosis in seven additional patients (15%). Of the 179 patients who underwent TB-EBUS either because of randomization or subsequent crossover, 174 (97%) had ultrasound confirmation of lesion localization. A concentric image was seen in 113 (65%). Diagnostic yield was significantly higher when the ultrasound image was concentric compared with eccentric (50% vs 31%; P ¼ .014). In the TB-EBUS arm, a guide sheath was used in 67 of 112 patients (59.8%). Diagnostic yield was not significantly different (P ¼ .67) among patients when a guide sheath was used (yield, 50.8%) compared with patients when a guide sheath was not used (yield, 46.7%). Among the n ¼ 46 subjects who crossed over to TB-EBUS, the diagnostic yield was not statistically significantly different (P ¼ .45) between the n ¼ 20 in whom a guide sheath was used (10% yield) and the n ¼ 26 in whom a guide sheath was not used (19.2% yield). Table 2 demonstrates factors associated with diagnostic yield. As lesion size increased so did the diagnostic yield. A diagnosis was achieved in lesions measuring 36 to 50 mm in 57.1% of patients vs 30.8% in lesions 15 to 25 mm (P ¼ .002). Lesions that were not lobulated were more likely to yield a diagnostic bronchoscopy than those with lobulation (50% vs 29%, respectively; P ¼ .008). In the TB-EBUS arm, lesions with a concentric appearance on ultrasound imaging were also more likely to result in a diagnostic bronchoscopy (50.4% vs 31.2%, respectively; P ¼ .014). In addition, there was no difference in diagnostic yield based on center (P ¼ .38 [SB-F], P ¼ .38 [TB-EBUS]) (data not shown). In the multivariable analysis, only size and absence of lobulation were independently predictive of chestjournal.org diagnostic yield. The odds of a diagnosis being able to be made were 3.6 times higher among patients with nodules that lacked lobulation compared with those that were lobulated, and every 1-mm increase in nodule size was associated with a 6% increase in the odds of a diagnosis being able to be made. Table 3 shows the final pathologic and clinical diagnoses for participants up to 1 year following enrollment. Of the 94 patients who received a diagnosis as a result of bronchoscopic procedure, 86% (n ¼ 81) had a malignancy. While 13 (6%) were lost to follow-up, at 1 year 66% (n ¼ 58) of those with nondiagnostic bronchoscopies were diagnosed with malignancy. In addition, six lesions were treated empirically by stereotactic body radiotherapy for presumed cancer.
Discussion
The role of the pulmonologist as a diagnostician has increased due to the frequent use of CT imaging and resulting incidental findings. 5 This makes newly available novel guided bronchoscopy techniques and platforms as a means for diagnosis enticing. However, the range of diagnostic yield in the literature varies greatly, leaving clinicians with uncertainty as to the usefulness of the procedure. Our study, the first to compare standard bronchoscopy with fluoroscopy to a newer thin bronchoscope with radial EBUS, is important in providing clarity and has several important findings. First, standard bronchoscopy with fluoroscopy is poor for diagnosing pulmonary lesions. Second, the use of a thinner bronchoscope with the addition of radial EBUS, while better, provides a diagnosis slightly less than one-half the time, a finding more in line with recent reports than a previous meta-analysis. 2 These findings highlight the need for improvements in technology to increase diagnostic yield and the importance of continued prospective randomized studies of new bronchoscopy platforms and techniques.
Standard bronchoscopy with fluoroscopy has been a mainstay for the pulmonologist. While this technology has its utility in evaluating for infection and diagnosing endobronchial lesions, there has been much variability in yield for diagnosing central and peripheral pulmonary lesions. 1, 2, 4, 6 In central lesions, diagnostic yield is higher with an overall sensitivity of 88% as seen by analysis of 35 studies that included 4,507 patients. 1 In peripheral lesions, studies have demonstrated a yield for flexible bronchoscopy with fluoroscopy and transbronchial biopsies ranging from 27% to 75%. 1 The presence of a CT scan bronchus sign is a predictor of higher diagnostic yield, with a recent meta-analysis demonstrating threefold higher odds of making a diagnosis, although this was lower in prospective studies. 7 Another approach, particularly for smaller, more peripheral lesions, is CT scan-guided biopsy, which has a diagnostic yield ranging from 70% to 90% depending on size, 8 but pneumothorax and major hemorrhage rates of 14% and 1%, respectively.
9
While the lower complication profile for bronchoscopy Lost to follow-up 13 6 7
NSCLC ¼ non-small cell lung cancer. See Table 2 legend for expansion of other abbreviations. a Inflammation was considered benign with a bronchoscopic diagnosis and resolution on 1-y follow-up.
chestjournal.org is appealing it must be weighed against a trade-off in yield.
While the meta-analysis had a pooled diagnostic yield of 70% for guided bronchoscopy, 2 a much lower yield was seen in the AQuIRE registry where 518 patients undergoing bronchoscopy for peripheral lesions at 15 centers had an overall diagnostic yield of just greater than 50%. 3 In another large (639 patients), prospective multicenter (28 sites) trial evaluating a bronchial genomic classifier the yield of bronchoscopy was only 57%. 4 Our findings are much more in line with the two trials than the meta-analysis.
It is worth considering why these discrepancies exist. Our study did not include the use of navigation (EMN or virtual) or use of a needle for biopsy. While the addition of a navigational platform has been suggested to provide increased yield, in our study when TB-EBUS was utilized the lesion could be seen in 97% of the patients, suggesting that the addition of such platforms might not provide additional benefit in reaching the target lesion. Size of the bronchoscope is another factor to consider; while our study utilized a thin bronchoscope with a 4-mm outer diameter, there is an even smaller ultrathin bronchoscope with a 3-mm outer diameter that is not yet available for use in the United States. A four-center prospective, randomized study in Japan compared the diagnostic yield of the thin 4-mm scope with TBBX under R-EBUS, fluoroscopy, and virtual navigational bronchoscopy with that of the ultrathin scope in pulmonary lesions measuring 3 cm or less. 6 While the thin scope demonstrated an overall diagnostic yield of 59%, the ultrathin scope had a significantly better yield at 74% (P ¼ .04). 6 In addition, it may be that yield was lower because of the sampling tools used in this trial. We did not perform needle biopsy in this study because at the time there were no needles approved for use through the guide sheath, preventing consistent use of needles for all patients enrolled; the use of needle aspiration has been associated with a higher diagnostic yield in both the AQuIRE registry and other studies. 3, 10 In addition, we did not use bronchial washings or lavage in this study. Previous studies have shown a yield of 43% and 48% for lavage/washings in peripheral and central malignant pulmonary lesions, respectively. 1 It is a limitation in that including lavage may have improved diagnostic yield in benign disease. Last, we may have failed to identify a difference because of the exclusion of 25 patients, which reduced the final power to detect a difference in diagnostic yield from the designed 85% to 81%. Another possible explanation is that a meta-analysis pools single-site studies of investigators with interest, expertise, and high bronchoscopy volume, which could all lead to improved diagnostic yield, as opposed to large multicenter randomized trials with variable expertise and volumes, which may lead to lower yield. This may only partially explain our results as the sites included in this study are all high-volume centers with interest and expertise in bronchoscopy. Nonetheless, a comparison of meta-analyses with large prospective randomized controlled trials points out that this discrepancy exists.
There are some findings in our study that mirror previous trials. Diagnostic yield is improved when the size of the lesion is large and when the R-EBUS image reveals that the lesion is concentric.
How should we place the findings of this and other recent studies into clinical context? First, it appears that standard bronchoscopy with fluoroscopy alone has extremely poor performance characteristics for pulmonary lesions and should be reserved for evaluation of presumed infection or larger masses. Second, for patients with smaller lesions consideration should be given to using transthoracic needle aspiration as opposed to bronchoscopy, especially when the adverse event rate would be expected to be lower (eg, peripheral lesions in patients without emphysema). This is likely to provide a higher diagnostic yield and decrease the chances of the patient having to undergo a second procedure and a delay in diagnosis. As new technology evolves, the pulmonary community should commit to rigorously evaluating its usefulness in a multicenter randomized fashion.
In conclusion, in a randomized prospective multicenter setting, bronchoscopy with or without a thin scope and R-EBUS had a poor diagnostic yield for pulmonary lesions. Future work should focus on improvements in technique and advances in technology that ensure a higher likelihood of obtaining a tissue diagnosis.
